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NOTATION

Symbol Definition

A Area

A(x) Sectional area curve

A 0 - fi 8ii Midship section area

a Coefficients of polynomials

a(6) Area curve of dimensionless section

a*M) Dimensionless sectional area curve with unit ordinate at the
midship section

B Beam

b Coefficients of polynomials

B
b -- Half beani radius

2

o A constant, coefficients

D Diameter for bodies of revolution

E Resistance function

e Eccentricity

F -W Froude number

I/ Draft

I(y) Resistance function

J(y) Resistance function

K - 2- Dimensionless curvature at the midship sectionL

L Length

L Length-diameter ratio of body

1)

1 L Half-length

2

M Resistance function

"r (wczoral functiios of the typ)o fliZ[or; K; yo] where o and
r are the indiuus of the K function



} •Integers, exponents

R Resistance

I• Dimensionless resistance

8y Static moment

S-q Dimensionless static moment

t = Taylor's tangent value

U Velocity in the x direction

-F Volume displacement

V (0) Fining function

+1

W(z) -2 J y(z,z) dw Waterline area
-L

W0 Load waterline area

w0  Dimensionless waterplane area

w(0) Dimensionless waterline area

w*(4) Dimensionless waterline area reduced to unity at the
load waterline

X Axis

XS (e:) Symmetric parts of the dimensionless waterline equation

AsymmetricJ

z Coordinate

"X0 Longitudinal coordinate of a centroid

y Axis

y Coordinate

y+ y(x,Z) Equation of hull

Z Axis

Coordinate

a c c Area coefficient of load waterline

1 = CMidship aroa coefficient

y Variable of integration
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F2P

8 Cb Block coefficient

a
" =- Dimensionless cjordinato

C K(e) Equation of longitudinal midsection

y
77 =- yDimensionless coordinate

b

q7 = t rI(Ct, 0) Dimensionless equation of hull

77 - X(m ) Diniotisiujiless equation of load waterline

q= Z(4) Dimensionless equation of niidship section

is Symmotric parts of

17a Asymmotric I

4 - Dimensionless coordinate

C: 0Dirnensionless longitudinal coordinate of a controid

9 U C Prismatic coefficient

L
Ratio of slonderness
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INTRODUCTION

For nearly thirty years attempts have boon made to evaluate Micholi's wave resistance

formula1 in such a way that useful deductions for the profession can be immediately obtained.

Havelock succeeded in explaining the most characteristic features of the wave resis-

tance of ships, Wigley and the author compared results of theoretical computations with experi-

mental data and the author tried to develop methods for finding ship forms of low wave resis-

tance. Although much interesting information has been accumulated, the results remain rather

sporadic. The bibliography of the subject can be found in TMB Report 710 (Reference 2).

So far, notwithstanding various efforts, no better solution to the wave resistance of

normal surface ships has been found than Michell's integral. For this reason and another to

be mentioned later it was decided that a more comprehensive attempt should be made to eval-

uate this integral. On request of the Taylor Model Basin the author submitted a rdsoarch pro-

gram to the Mathematica Department of the Office of Naval Research and was fortunate to find

kind interest and strong support, for which he fools especially indebted to Dr. Mina loees, Dr.

John Wehausen and Dr. E. Bromberg. A contract was granted to the Bureau of Standards which

at present has completed the computing work connected with the first stage of the program.

The author wishes to express his thanks to Dr. Alt, Dr. Lovin, Dr. Abramowitz, Mr. BIlum, and

Mr. Hirschberger, who have contributed decisively to the success of the work. The extensive

calculations were started with the full understanding and with the hope that Michell's analysis

will be superseded by better "theories," but it was thought that even in this case the simple

linearized solution would not lose its significance.

Before beginning the computations careful consideration was given to related attempts

made by Sretensky. 3 This well-known author came to rather disappointing conclusions con-

cerning the practical usA of Michell's integral. It has been shown, however, that Srotensky's

approach is not quite consistent and his final negative Statement is not conclusive. 2

The author wishes to acknowledge that besides ONR, the Model Basin and the Wa./o

Panel of the Society of Naval Architects gave full encouragement to the work. The Model Basin

initiated a similar project on the wave resistance of submerged bodies of revolution which has

been succo3sfully complked. 4

The program of the present work has boon already discussod in the author's review on

wave resistance. 2 The most interesting problhm in doeling with the wave resistanco of normal

ocean-going hull forms consists of finding the appropriate longitudinal displacemont distribu-

tion, i.o., the sectional area curvo. Thie proper vertical distribution of the displacomnnt though

of comparable basic importanco can bo troatod in a more summary way. Clearly tho s(eparation

of longitudinal and vertical distributions is an artifice, which in the later stago of tLim prostxon

1 Referent:cs are listed on page 59.
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work will be eliminatod; besides, the dependence of the wave resistance upon two fundamental

quantities - the draft and the aiidship area coefficient - can be judged already from the results

so far obtained.

The tables can be applied essentially in two ways. First, if suitable restrictions are

introduced, hull forms of least wave resistance may be calculated directly for a sufficient

number of Froude speed parameters Y" = U/VIL. This approach is useful and necessary but

experience has shown that it does not cover all practical needs.

Seuondly, wave-resistance curves may he calculated for a large number of systematical-

ly varied forms. From these curves trends in resistance change due to systematic form vari-

ations can be established and the influence of various form parameters can be studied. At

present, emphasis is laid on the second procedure but sorne forms of least resistance also

have been investigated. A complete survey of the field requires, clearly, both methods of

computation.

Part I of the present report deals with some basic geometrical properties of hulls and

in Part II it is shown how Michell's integral can be evaluated for simplified ship forms.

The pier 3 de resistance is the collection of tables in Appendi. II.
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PART I

GEOMETRY OF THE SHIP

DESCRIPTION OF THE HULL FORM

GENERAL REMARKS ON ALGEBRAICALLY DEFINED SHIP LINES

Any treatise on theoretical naval architecture should include a chapter on the geometric

properties of ship forms and their analytical representation which may be called "Geometry of

Ships." This terminology agrees with the corresponding one used by Mr. Owen in "The

Principles of Naval Architecture" although the notation "Geometry of Ships" has boon used

in a narrower and not quito adequate sense for special problems in the field of static stability.

Much ingenuity has been displayed in describing the geometric proporties of hulls by

form parameters and coefficients and in developing graphical procedures for the design of

these hulls. A characteristic feature is the wider use of integral relations, especially of

integral curves, amongst which the sectional area curve is the most important. Differential

relations, although well known, are much loss popular.

The present day's graphical method of hull design is efficienC from a restricted practical

viewpoint. Its flexibility and power should not be underestimated, but it does not furnish a

satisfactory foundation for scientific work. It is thought that the lack of a general and rigorous

method of representing ship forms is responsible to a considerable extent for the back-wardness

in some branches of theoretical naval architecturu.

Quito a few attempts have been made to base the design procedure on mathematical

equations. The ideas underlying those attempts were sometimes ratlier mystic insofar as un-

proven superior resistance qualities were claimed for analytically defined lines. Du.W. Taylor

approached the proI)lem in a much more realistic way. According to his statements he devel-

oped "mathematical formulae not with the idea that they give lines of least resistance but

simply to obtain lines possessing desirod shapu."'S

Hlt was quite successful in representing .,,ctional area curves and waterlines by fifth

degroe polynomials.

OQir prosnt aim is s-uomewfuut wore g.,•vral than Taylor's: wo wisil to develop oquations

which muable us to roprsont lines po~s, ssing lh-iiruoi shIptIS anE ( which at the aiam i tiue aro

suiihidh for fimling citoritia for this d](( ircd shJpo lruin theio ptoint of viow oif furidnialclital tile-

clianKi(Al pro•1orties,: like res i.t:t-,Lt( stability, soaworthiht;.-, I??,: lhat mt atns that the cx-

pjre.sitt.s for .Hin shlip surfIce must. be 00 ufficiuntly guneural atn" that. their apg icatinu in various

thioorioes deali ng wtiith neianical iropwrt.ies. of s"hips mus:t load to a reansonlthe tit(1,4utt11 of

mtthioniatical wo)rk. 2
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There exists another purely practical viewpoint from which it is desirable to icrivo

equations for the hull: the reduction of work in the mold loft. ,'ltlx'ugh this requirvnment is

basic, we shall not consider it as a primary oar within the scope of the jir(.ts(nt report.

Even from the point of view of mechanics alone the problerm rannot hu handled in an

exhaustive way since the dependence of important hydrodynamic effects upio nlir geometric

properties of lines and surfaces is almost complotely unknov -. For instance, wt( do riot know

what limits of slopes and curvatures must 1)o established to avoid unfavorabli pro4siir( gra-

dients which may lead to separation or high tangential resistance. In this respect we mu:st ho

satisfied by Taylor's criterion to obtain lines possessing a well defined shape. Even ;o, the

possibility of making form variations in a systematic and rigorous way is a necessary and

valuable condition for experimental research.

GENERAL. PROPERTIES OF SHIP HULLS AND SHIP LINES

Axes of Reference; General Expressions for the lHull and the Main Ship Linos in

Dimensional and Dimonsion less Coordinates

Lot us assume a system of axes as shown in Figure 1. The XY-plano coincides with

the design load waterline, the XZ-plano is the piano of symmetry, and YZ-plane is the plane

of the midship section. The positive direction of Z is - •wnward.

This system of reference differs from that usually accepted in buoyancy and stability

calculations whore the XY-plauo contains or intersects the keel and Z-axis points upwards.

Some differences in notation and definitionn arise because of this discrepancy which,

however, ar) of minor consequence.

As usual the principal dimensions of the ship are denoted by L, B, arid H.

For a summary description of hulls the following definitions are proposed:

1. A fine ship is a ship with a low prismatic coefficient 95. Consequently the block

coefficient 8 must also be small, while the magnitudo of the midship area coetficiont /3 is

not decisive.

2. A sledler ship is a ship with a high value of the length dik.placeniont ratio i/Y1/3 =

Vif = OhlQ(Froudo), or low value i'/L 3 (Taylor).

3. A narrow ship is a ship with a low I?/!, ratio.

4. A thin ship is a narrow ship with a low 14/Il ratio. In extreme caseis it can l(i.e described

as a body with wedgoliko waterlines and Thction. . Iris c()JIcutP1 . ii impojrtant. in coliictlionl

with Michell's theory of wave resistanco ("Micholl's ship'").

5. Bodies of revolution with a large l./I) ratio arc. call d v"ry •longated hiodios of revolu-

tion.

Throuidlnutt. Lhis, roport hrowd usi! Will IWf. l,:('' -! o i n ........ ul ilil, ."2o



5X

Yx

Figure 1 - Axes of Referonco

Dimonsionlos. offsets of hulls, ship lines, und integral curves have been familiar in

naval architecture for a long time as an indispensable moans for iystomaftizing actual ship

forms.

It is fairly obvious that the use of dimonsionloss coordinates is advantagoous when

studying geometrical properties of hulls; for inst..nceo, simple connections between the oqua-

tions of the hud and the well-known form coofficients are immediately established.

In an earlier report 2 the writer has tried to carry out a strict division between the prin-

cipal dimensions and the "pure-shape" of a hull when applied to investigations on wave re-

sistance. The procedure appears to be legitimate within certain limitations. The same applies

to some extent to investigations on seaworthiness. Although the results may be different when

dealing with viscous phenomena, it is hoped that the consistent use of dimensionless repro-

sentation will contribute appreciably to increase our knowledge of the hydrodynamical anti

mechanical properties of hulls.

From the preso.nt point of view, the use of such parameters as U/V 1/3 cannot be re-

cumnionded for a detailed analysis, since here the pure form constant, 8 --Cb* and the pronor-

tions of principal (lilfelibionl. are mixed together. Our purposo i ,o aWpiroxinmato the ship form

by as many charactoristic values as possible, not to merge several knowi, paraineft.c. into it

singlo )ne. Therefore, the use of tho stpitratto ratios B/I1, 1f/I1, and a instead of L/*-1/A

is preforldhIn. 'I'lie latter ratio is suitab I only ats a first rrijentition.

ThM ('( 1U1. t4i)lo to" 1i lii II iiitty Iw wri tia i.MA

- y =+ rj~ , z) Ii1

Tl'he douhle sign af)uitr:-S lbocausO til Ihull consists of two essentially l;y:,inietric hailv.;.

*Trhrnmthnut this repcrt (reek letters aia used for the fori, cuefficieuts: (.01 I J (C I?. o f, (: t
". •it, i,



In most cases it is sufficient to consider

y - + y(x, 11 al

In what follow9, dinmnsionless coordinates are preferably used, defined by

X 1 I1

with I - t/2 and b -, B/2.

Thus the following equation corresponds to [la].

-/ q (C.,) [ 2a]

Basic, relations will be given in v dimensional as well as in a dimensionless form.

The main purpose of the following synopsis is to work out a consistent system of sym-

bols and notation.

The symbol y and in dimensionless representation q, will be used not only for the equt-

tion of the surface, but also for equations of ship lines when no confusion can be caused.

In later applications it will be assumed that the thickness of the stem, the stornpost,

and an eventual keel is zero; otherwise expressed, the hull form is Faired down to the center-

plane at those locations.

Thus, Equation [3] given below for the load waterline complios with the conditions

X(± 1) = 0, and Equation [4] for the midship section complios with (1) ý-0. Thoso assump-

tions will be always tacitly mado unless the contrary has boon stated. It is easy to derive

equations of ship lines with finite ordinates at their ends; the sanme applies to the equation of

the hull when the thickness of the keel, stem, and iturnpost are constant and equal, but corn-

plications arise when variable "intorcepts" must be considered.

PRINCIPAL SHIP LINES AND INTEGRAL CURVES

The following notations are proposod:

1. ['ho hull oquation

y y y(x, z)- 4 - bNG (4)

2. The lOL•h watrline

y (x,c0) - by (o,0)

11i

q,0) )
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4. L~ongitudinal midsection (centerplane contour)

- [51

5. Sectional area curve

A(x) - 26/I b( ,1d1 flJa(r) [.61

where

a(C) - 2,)d" [fa6

0

The midship section area A (0) is denoted by A0  R f3B H. At the midship section w 0, a(O) - 2 f
When the centerplane contcur is a rectangle

A W -2 foy (x,az) viaA(z) - 21 f~~)d
[7]

a(C).-2 Jo C) dC

To obtain a dimensionless sectional area ourve with a unit ordinate at the midship

section we define

A(x) - B11 a*(.)

[B]K C4)i]

a*(C) a(f) J C d C

Th) prismatic coefficient may then be defined

+1

6. Waturline area curve

+1 +1

y (X, w)x -- 2 b I Q; 0* d

bI ?v w 6 aH,1* (4ý)



C

where +

+1 Wa [q. )!
tt1

-1

a is the area coefficient of tho load waterline and tho load watorlino aroa W (0) is donotod by

We.

a. w() W(P)//61 is tho area curve of the dimensionloss waterlines /(, ) at the

depth CO. With w(0) = to0, w0  4cta.

b. w*(C) is the dimensionless waterline area curve reduced to unity at the load watorlino

w*(0) - 1.

c. We note further that a (C) - 4 .(z:)/BL is the curve of area coefficients of waterlines

at a depth z, referred to LB.

SUMMARY OF EQUATIONS FOR MATHEMATICAL SHIP LINES

y y(x, a) Equalion of hull

x Y i - , tJ Dimonsionloss coordinates, where I - b

q -r (- , ) Dimensionless oquation of hull

S 0) = X() Dimonsionless equation or watorplano.

77 - q (0, z)(C) (•) Dimensionless equation of midship section

0 = Kj(C= 4); W." K(•) Dimensionless equation of contorplano

K (C)

a() - 2$ '/(V, 1) d(i Dimonsionlhss aroa of section

• K(4)

a*(4:) -•!| 7(4;,•) d4 IDiimonisionlos;; soctiondl ara cmurvo, witlh un it

[o ordi nate at tho nidhi p sct~iom

+41

-a (.) d 44 Dinonsionless voluumn

(t 1 fZ(6) d~ J n ohs mil hip smdloji urc-a

lb ll'



+1

w(•)=2}f 1(•,g d Dimensionless waterline area

-1

w*(C) L -- I i o de Dimensionless waterline area reduced to
- 1 unity at the load waterline

+1

w(0) w0 - 2 f W- d Dimensionless waterplane area

+1

W(0) - .=w If X (C) d Load waterline coefficient
C. LB L8I 4

-I

A(0) a0 .ja- Z() d- Midship area coefficient
C" [11I 2 Jo

+1

= B -, 7 . . . . a(t-) d6 Block coefficientLB I1 I

CA x A a* )d d • Prismatic coefficient

SYMMETRY AND ANTISYMMETRY WITH RESPECT TO
THE MIDSHIP SECTION

Application to Calculations

The description of the ship form by suitable coefficients can be highly improved by treat-

ing separately the forebody and the afterbody. Astonishingly, this rather trivial and well known

procedure has only recently found a broader application.

Taking, for example, the equation of the load waterline X (C) and denoting the pertinent

paramotors for the forobody and aftorbody by the suhscripLs F and A we obl.ain it consisteont

sot of coefficients by calculating moments of various orders

ao()••,, C ()• 2 dtt•i,.,etc:,

oo p )""('•)4d ,

-1
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In the same way suitable parameters can be established for the entrance and run. To my

knowledge Tulin (TINA, 1924) was the first to propose the ratios 4. = OF/ar and C-A

OA/aA as form parameters.

The difference a. - a A can be used as an independent characteristic value for the

description of the asymmetry beside the most popular distance of the centroid Equation 1141.

For our present purpose, however, we do not need to dwell upon this matter and may

confine ourselves to some remarks which are important for the resistance calculation.

A basic procedure is to split up the surface equation into a main part symmetric with

respect to the midsection (y an even function with respect to x)
y, (x, a) - b7. ¢- )

and an asymmetric (skew) deviation (y an odd function with respect to z)

y 0 (x,) - b 0 (C-,<) [10)

Y(A- y8,(w,s) + y0(Xza)

q(7,M.) q•, 8 (, 0) + 77a (,") [lOal

The same applies to any curve dependent upon x (or C-), such as

A(x), a*(C), X(4), etc

For instance

X(C) X. (0) + X0 (C) [lOb]

Integrating over the total length we obtain

X(C)d- 2Jf' X 3(C)dC Lll

-1

since the integral over an odd function with eqaal and opposite limits disappears,

+1 xo( = 0

This eloemntary remark is very useful in thl whole field of theoretical naval architet-turo. Thus

from Equation [111 it follows, For instance, that the area W and the area coefficient a of the

load waterline depend only upon the symmetrical part of XS (4), whilo the odd terms Xa(C) only

yield a contribution to tho static moment S or S with respoct to the transverse axis y or q.

,1
Io f 0 Xý (6) d'."--4a ~



11

X , [13]
0

Let w0 be the longitudinal coordinate of the centroid. Then with 60 - xo/Z we obtain

, * ____ _, [141

0

In shipbuilding practice the ratio e0 = XOIL -I o/L is commonly used.

When a curve is given analytically or graphically by X=X(e), -1 <_ C$ -. 1, then

X. = • X(e) + X(-ol) InC., 1[5
2

X", - I IIx(C) <X(- 1, 1 S 1 [l5alG2

It is cletr that X. is symmetric, X0 asymmetric, and that X Xs + Xa, - 1 n C < 1.

These trivial considerations can save labor when performing routine computations in

shipbuilding practice.

REPRESENTATION OF SHIP HULLS BY POLYNOMIALS

GENERAL CONSIDERATIONS

Any function y - y(xa) which is continuous in a given domain can be approximated
within any degree of accuracy desired by a complete sot of orthogonal functions. As such one
could, for instance, choose the Fourier series or the Legondre polynomials. 6 Since, however,
a technically satisfactory solution must be restricted to a small number of terms, the mentioned
functions do not appoar to be practical in our case. Using a modest number of Fourier series
terms, the approximating function generally will not he fair, i.e., exhibit a larger number of

points of inflection.

An interesting example showing that the orthodox approach is not always the simplest
may be quoted from the field of aerodynamicas: in a study of lift distribution over wings, Fuchs 7

has demonstrated that by solecting properly the coefficionts and the tornis of' a set of trigono-
metric functions a bettor approximation can be found than by the Fourier expansion with thu
samen (.iall) nurnior of torins.
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The successful application of spline curves* to ship design suggests that an analytical

representation of ship forms by polynomials should be rather simple.

This way has been tried with good results so far as waterlines are concerned. Its

mathematical justification follows from Woiorstrass' theoreml: a continuous function y(z,z)

within prescribed boundaries can be approximated with any desired degree of accuracy by a

polynomial in -,z.

ihus

(16)

a neC' nn Cm

can be assumed as general expressions for the ship hull.

The general equation [16] does not lend itself easily to a discussion. Besides the

boundary conditions, Equation [161 must fulfill the basic inequality -q((, e) Ž 0.

For design purposes the.block coefficient 8 the main area coefficients a and fl, and

various other integral and differential relations can be prescribed. The most familiar and

powerful approach is to assume the form of the sectional area curve

afv~ OK [6RI d1

It is difficult to comply with conditions of fairness since these have not yet been

properly formulated. However, assuming a reasonable number of arbitrary parameters one is,

at least in principle, enabled to derive ship forms from general mechanical considerations like

minimum wave resistance, considerations on seaworthiness, etc.

Actually, so far, Equation [161 has not been systematically discussed. Instead of the

general approach, some intuitive procedures of constructing the hull equation havw been pro-

posed by the author. These procedures follow to some extent the graphical method of design

and are largely based on the equations of the load waterline and the midship section

X(O -l -Y a,, 1171

z(C) - I ,,C [181

rt'i'b.,,lh,,ti -ýf the. uirr-pvc:t npl-int clirvv-" "r& pudynondalm.
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These are investigated separately and then are connected in such a way that the boundary

condition on the contour line, which will generally be assumed in the form 17 (4, C) - 0 (Equao.

tion [5]), and other conditions are easily fulfilled. In what follows it will be assumed that the

thickness of the stern and the keel is zero. This restriction is by no means necessary, but it

simplifies the work considerably. Then from Equations [17] and [18] we obtain immediately

a. - 1[17a

and

.7bm -I [18a]

since

X(1) Z (1) - 0

By introducing additional functions the flexibility of forms can be appreciably increased.

Thus the problem may be split into two parts:

1. The study of appropriate lines (waterlines and sections) to which some attention has

already been given and which will bo investigated more thoroughly in the section on Equations

of Waterlines and Sectional Area Curves.

2. The construction of the hull from these elements. Simple examples will be discussed in

a later section.

REMARKS ON THE PROPERTIES OF THE BINOMIALS

)7 or i-1-C" LID]

with n,m positive integers are equations of general parabolas. Obviously the parabola

I-- has the following importanL properties within the region

1. 1 -0 and 77 l - I for all n at Lhe points e - 0 and 1 1; respectively.

2. With increasing n, the parabolas approach the axes 7, - 0 and - 1
3. By folding the curves around the line 7- , we obtain the curves

41•/fl [20]

Introducing again our usual axis of reference the curves

77 1 - Vll -. I - e
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where n is no longer restricted to integral values, are called Chapman's parabolas. They have

been frequently recommended as ship line3 (see Figure 2).

Although almost useless for actual design work, these simple curves can be applied

with success for various theoretical estimates.

EQUATIONS OF WATERLINES AND SECTIONAL AREA CURVES

GENERAL CONSIDERATIONS

D.W. Taylor's investigation on the properties of these lines dependent upon three
parameters, 0 or a, t and K, the curvature at the midship section, has been performed in a
truly classical style. Unfortunately, Taylor's work had not found the proper response, and only

lately Benson8 and Sparks 9 have applied his results to various problems of design.

77 = 0 .., ,_.,rI=0

- -- -,- - - -

ZLL

1g- -- - -Th io l - -1

fl2.07

n -~4.0

Figurc 2 - Tho Binomial 1- 1
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Combining Taylor's curves with a parallel middle body for higher prismatics, it is

thought that a close approximation to a large number of empirical waterlines and sectio'-aL area

purves of "normal" shape can be obtained.

There are, however, objections to his system. Taylor's lines must be applied separately

to the forebody and the afterbody; they are not suitable for representing simultaneously the

whole range of a line. Besides, generally our final purpose is to find the equation of the

8urface, not of a singie line. In this case it may be preferable to obtain a practically cylindrical

part by using higher powers of the variable 6 instead of inserting a rigorously parallel middle

body. Therefore we shall use the axes of reference introduced in Figure 1 and base the repre-

sentation on polynomials which admit, if necessary, a greater variety of powers than in Taylor's

system.

When deriving equations of the lines involved it is advantageous to make use of the

fact that hulls are frequently roughly symmetric with respect to the midship section, in so far

as normal ocean-going ships are considered.

SYMMETRIC FORMS

In this section the lines discussed are those which are symmetric with respect to the

midship section, i.e., the corresponding polynomials are even functions in C-. Normally such

pnlynomials consist only of terms with even powers of 6. However, by introducing the absolute

value of f, I 1, even terms of the type I C12 1+ 1 with odd exponents can he obtained. This

artifice is widely usEd for the third power 1 13, since the geometric properties of the two

functions C2 and CA with the lowest oven integer exponents are so widely different that it is

desirable to have an intermediate element. With higher exponents the difference in character

between consecutive even powers C2" and 62 i + 2 gradually disappears so that there is loss

advantage in inserting terms of the type e12 n+ 1+

In principle the aforementioned trick is unnecessary since, from the completeness

property of the power functions (Woierstrass' tieoron,, it follows that symmetric functions can

be approximated by even powers only. 6 But app•r•ciabhi simplification in auctual work soomns

Lo be pos.sible by this simple procedure.

Let us start with families of curves which dopend upon two arbitrary parametors which

are called "basic families."

The general equation of those curves is given by

,I(dC) r- " nI r 2 n3 > - 1 -a%, c I .. an2 C."2 - a. C3 1211

Following an earlier assumption, the ordinate rq at the midship section (Q - 0) is equal to unity,

and at the stern anod stem (P - ± 1) is equal to zero.

From Equation [17al one relation between the coufficionts is obtainod,

6 I n2 +.- ; 11 3- I [ I ai



so that only two arbitrar~y parameters are loft in Equation [21]. 'This can be explicitly express-

ed, by rewriting Equation [211 as

1 n_ an (I -a (:3) _a (2 4.."-3 a) [1222

The parametors a,, an2 aro onsiiy uxpreatiod in terms of the coefficients a (or €) and t

using tho two conditions

,1 Xx(e ) 
"

Ua

The symbolic expression for the lines < nl, n2, n3 > may be rewritten in a more explicit way as

< n, n2 ,n.; a ;t > [2:1]

Lot us take an example

<24 6; a; 4 > -. a2 a2 a 4 -4_a6 e6 L241

The area condition gives immodiatoly

a 4 a. ' 2 a4 [25 ]a 7 21 3

the tangent condition

-= 6 -4a, -2a4 l'261

resulting in

a +

4 4

a6  10 -
8

A suNuming for toxamplo t - 2/3, t '2, .onow otaitns

a 2  t a 4 - a 6  ()

i.e., the nommon pnrab.Aa.

Two etw, of curvo,; hlonging to thii family are shown in Figuros. 15 and 1(3 of TMi. ltport

o10 (Rtitoronco 2).

For theo goneral oxprv,'i:Jion Q-(.:) - <i n 71 n; v; I "> t.h,, Fofllowing rulhationfl aro

obtaifnod
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ni + l
a , n it - ,o, (n + 1.) (,n -+ t+

n (n 2-n 1) (-n,) 1

n23+1 h i t n-(•+l1)(n3+1) + tI28

% 2 n--1) (,n - )

an nI n 2 - a(nlI+l1)(n 2 +1) + t
3 (n 3 -n 1 ) (n 3 -n 2 ) [

Introducing these expressions into the general equation, one obtains

(4q) qO0 (() + a q 1 (4) + tq92 () [.291

where (a) ,O(4 ) complies with

1 71,, - 0( o [30)
q0(o) 1 ri. ( 1) t= o 0(i),• -(0) o _o

(b) il(ý- gatsfi0

(b) q12(C) satisfies

12(0) m 12(1) - I q, d 0 -- -o t [321]

0

It is easily verified that

(n 1+1) n2 n, n3  (n 2 +i) nt1 ni3  2 (nh3 -) n1 ni2 3

(n 2 -n 1 ) (n 3 -n 1 ) (n2-n 1 ) (n 3 -n.) (n 3 -n,) (n3-n 2 )

( 1 (n 11) (n,2 - 1) (n 3+1) F

(n,,-n,) -it,) (i - 2-it) " (n+ 2- 1)

1 f(71+ 1) (-n n -(n ) (n-n 2q2(• (n2 -n,) (3 3- n d (n..,- n2)11 3-22 .-

+ (n 2 t n -- TtI) 3
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A basic family is a linear function of the form parameters a and t. This leads to a

simple representation of sets of curves and admits of linear interpolation.
Althought any baqi? family contains only two arbitrary parameters, it is easy to obtain

a wide variety of forms by mixing two or more sets. Thus <nln 2 n 3 n 4 ; a ; t > can be immedi-

ately obtained from B < n n 2 n3 ; a ; t > + (1-B) < n2 n 3 n 4 ; a;t > with B an arbitrary parameter.

The same result may be obtained from a function

A ( < n, n2 n3 n4; 0; 0 > ini [4

where Cn I can be put equal to one.

S(4) complies with the conditions

d•(CO) da(1) A'
(0)- (1)=0 0 0 3  (C-) dC"0 [351

The coefficients are thor~fore connected by

1 + C12 + c,3 + C 4 =0 [361

with

(n 4 -n,) (n 3 -n 1 ) (n2 + t) (n 4 -n 1 ) (n 2 -n,) (n 3 +1)

f 2- ( ) ( ) (1) (n 4 -n.) (n33-n 2 ) (n 1 + 1)

for instance

< 2 4 6 8; 0;0 > - 62 - 54 + 7 6 -•8 [381

Thus we can write

<n 1 n2 n3 n4 ;a ;t >-'nnr 2n 3 ; a ;t>+B<nln 2  3n 4 ; ;0> [391>

with B an arbitrary parameter.

This apparently clumsy procedure presents in fact advantages. Dependent upon the

character of the polynomials, geometrical interpretittions for the parameoter B can be found.

For instance, when the lowest power in Equation [341 is 42 as in Equation [38], B is equal

to K/2 + a 2 where K is the dimensionless curvature at e 0.

Whore the lowest exponent is three or more, other suitable gomotric interpretations of

paramnetrs may be found. Resistance theory should be helpful in this roslpoct.
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ANTISYMMETRIC TERMS•

In a similar way expressions for asymmetric (skew) terms may be obtained.

In TMB Report 758 (Reference 4) the function

XU al (C+ b3 63 + bst5

haa been investigated. The parameter aI describes the "strength" of asymmetry and the

polynomial in parenthesis its "character." Since X,,(1) - 0 we rewrite

X. - a, [ C+ b3. -(1 + b3) ,•l

By adding this expression to a symmetrical form we displace the maximum seotion from

the origin (midship section) because of the linear term. This is advantageous when dealing

with such high speed-types of ships as cross-channel steamirs and destroyers.

For slower ships it is desirable to keep the maximum section at the origin. In such

cases a polynomial

X, -a [ a5•'bl, -(1+b, 5 ) 7 ]

or of higher degree should be used.

ELEMENTARY SHIPS AND OTHER SIMPLIFIED SHIP FORMS

Let us start with a simplified hull form which is characterized by:

1. A rectangular centerplane contour,

2. The form of the equation

(e, 0 " n - X() Z (C), [401

Here '7(6•0) - X (6) X (0) - z (0) - 1 [.41]

n(O, o) z (o) X (-±-) -: Z(1) . 0 L421

ar tho oequautions of the load waterline and the midship soctlion r'espoctivoly, We call such

bodies elomontary :ships.

Elementary ships have the followilg important propertioe4:

a. all soetionls are affineo to the midt•hip soction.

0b. C,(,) d 6 t- X( (41 14r

i,,e., t-ho d imnio.5ion loss w~at, rlinot and ,ioctional ~r'oa culrvo• toinc:id]o.
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c. hence S = a; and 8 - a 0, or 6/a [3 - 1. [44]

The last coefficient a/a ( was very popular with naval architects of the old school.

One great advantage of the elementary ship concept consists in the possibility of in-
vestigating waterlines and sections independently. The equation or the hull is immediately

built up from ship lines by one multiplication.
The practical applicability of such elementary hulls is limited essentially by the oc-

curence of high local curvatures in sections close to the bow and stern; those are unavoidable

when the midship section is rather full.
For fine midship sections, however, very reasonable body plans may be obtained from

Equation [401.
An example of a simple elementary ship is (see Figure 3)

S(1-) (1_C2) [45]

'7
0 0.2 0.4 0.6 0.8 1.0

0.2 - - _

0.4

Figuro :j - Body Plans of an Eluiuntt•.riy ';hip whore
77 (1 2) (_1 -2) an d 4 4/9
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3. As the next somewhat more general equation we choose

'I = [x( M - V (C) V 1(0)1 z(6) [46]

where the "fining function" v(e) complies with tho condition

v(1) . v(-1.) V(O) ,, o [471

and v1j() complies with the condition

V()O [49]

Equation [46] can be interpreted as an elementary ship minus a layer v(C) -v1 (C) Z(t) which

assumes zero values on the centorplane contour.

Examples of body plans are shown in Figures 4, 5, 6.

)7
0 0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.8 -

F'igurv 4 ExaLI1pis NIUS~f Shipj)flt8
k . .. . .,7 ( . ' ,j (I _4

S S_ / -) an
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)7
0 0.2 0.4 0.6 0.8 1.0

o._I FI-.
0.2-

OA--

0.6-- - __

Figure 5 -Examples of Ship Lines

[I C-2 -0.4105 (e2 _ C4) (2 C - C2)] (1 - Cg) and 8 - 0.5690

Assuming that the midLship section is vertical at the load waterline 0 Z (0)/ a C 0

()can be used to obtain an inclination of tho sections9 at C' 0.
The sectional area curve becomes

p13
a '(6) X(M4 -V (6) [491

L~ [.501

With(3 Z(C) v,(C) dC C
JO .
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17
0 0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.e

1.0 -

Figure 6 - Examples of Ship Lines
L[1 - -. 2 (ý2 - C4) (2C- C2)] (1 - ý9) and 8 - 0.5685

The local sectional area coefficient t3(Q) defined by 13 a*(C)/X(e) becomes

11(• fi - 0 1(4
S x(~

When v(C) > 0, f1 > 0, as will be the usual case, the local coefficients

fl (r,) < 0-

Notwithstanding its simplic.ity, Equation (461 is general enough to yield definite con-

clusionts as to the basii wave rosistatnco proporties of V-shapld vorsus Ul-shapod hulls.

As an illustrativ, oxatnplo of the application of Equation i461 in the calculation of ,hip

hulls, some1O cases aro presented. The sam, procodure, is app lied in each case, the only vari-
ation occuring in the difl'orenc,4 hotwenrn the load wvaterlini ruind sectionial area curves,
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For the first caso lot usi assume the following data:

a. *,(,e) -- I - 1..• 5 -2 + o..5 6 4 V .

•,. Z(O) - I - 0 (1- 4 9 )4 dC4-/22 [52]

The function v(6) is immediately found from Equation [491.

The compatibility of the data can be checked using the condition (6, 4 > 0

Lotting '-, 1, we obtain

4)[I - 2.1e2 + 1.1 i ] (1-_9)

from which it immediately follows that 1 (•, 4) becomes < 0 21ose to the ends of tire ship ut

the bottom (the easiest check is that the tangent value t becomes < 0 at the bottorn),

Lot us change the condition [•2,4] into

v ~ (4) 4 0.5 55

loading to f3l - 0.3225; t3 = 0.39 with -. (4) 1.3U2 (: 2 _ 4) Sinco the maximum of

v l( at 4 , -i , amounts, to v (yF - 0.545 it is oasily 4een that Lbe, condition

• (6, c) > (O is fulfilled. The samo procodure is :now appliod when the difference between the

toad w'aturlino and sectional auroea urvo is larger.

Assuneo

Vi(4 [2'? 561

with

v v1( v 1 -

and1
X(~) i
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while
Z(o) - I - ¢

* and a*($) I - 15 2 + 0.5$4 remain as before in Equation [52]

Further

* none3 =()56; fl1/[3 • 0.632

Ilene@

v(C-) '2.37 (e2 I - $4) [57]

As
4-.:i

(I (1 - 2.37 $:2 + 1.37 $4) (1 - C9)

0 1 <

The form Equation [561 is suitable only when the coefficient a in

'v(C-) a(e$2 _$4 ) is $S2 [r)7a]

To a =2 corresponds the equation

a*(e)1 - $4 - 2 ($2 C- 4) 0.63,2 [58]

with

S6 = 0.632

When the difference between the load waterline and the sectional area curve is large,
the form of v 1 (") must be such that it reaches its maximum at 4 1.

Within the range of compatibility

the equations of the sectional area curve and of the waterline can be arbitrarily assumed.

4. Equation [46] can bo generalized by intrtuciing more torme, of the typo v(ý), 01 (1:)
complying with the same boundary conditions.
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PART 1!

THiE EVALUATION OF MICHELL'S INTEGRAL FOR
SIMPLIFIED NORMAL SHIP FORMS

ELEMENTARY SHIPS

The basic importance of the sectional area curve in wave resistance research has been

definitely established by numerous experimental and theoretical investigations. It is therefore

advantageous to begin with systematic evaluations of the resistance integral for ship forms

which are defined by their sectional area curve in the most straightforward way, i.e. for elemen-

tary ships following Equation [401.

Wave resistance values thus obtained are immediately applicable to U-shaped section

forms, but may be used even in a more general way. In these cases the elementary ship con.

cept leads, briefly speaking, to a substitution of the sectional area curve for the actual ship

form.

Let the waterline equation be given as the sum of an even part XS (e) and odd part

Xa (e) with respect to e.

X($) - X,8() + X0 () -M 1 n m

Even exponents, n - 2, 4, 6, 8, 10, 12 will be used in our present evaluations; additionally

the third power of the absolute value I e13 will be admitted as an even term. The resistance

due to odd powers em will be investigated in. a later report.

The equation of the midship section can be taken in a simple form. As such we choose

Z(C) _ 1- 4 [591

where the parameter e can be varied between + 1 and any negative number 1 e - ( (see

Figure 7). In practice, clearly, negative values of e will be seldom used.

e = 1 corresponds to a /3 = 0.8

e = 0.5 corresponds to a f3 - 0.9

e - 0 corresponds to a f3 - 1.0

It is thought that values of /3 below 0.8 are of little interest. Besides in e publication by

Wigley, Tr. I.N.A. 1942, the wave resistance has been calculated fur a hull family

(4-, -< 2 46; a; t2> (1_C2) [601

i.e., this paper yields information on resistance properties of ships with very small values

of 0.
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Figure 7 -Mids hip Equation ZC 1 1- e C 4

Teevaluation of the resistance integral le follows closely the procedure given in

TMB R~eport 758.~
One obtains for l, or a dimensionless value i(

11*
L ....

a quadratic form in the parameters .t I a (n 2 rill with some auxiliary int.grals as coef-

ficients. Those integrals wore tabulated by the tpareau of Standards and are givrtentad in

Appendix 11 of thi4 report.

We sketch briefly rtho derivation of an expression for :e* which leads to a simple

synmholic connection with the ship for-a)u
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Differentiate the -urface equation [40,10b] with respect to

ox(e) (P)w (9 OX8 a) n n n +• m[ll ,.
06~~~~ z~7 ± i (o 4) LEnane[1

Insert now the expressions [59] and [611 in Michell's integral which is written in the

form (Reference 2, Equation [16] of Appendix 2)

R*J y) j*2 (Y) + I*2 (v) dv y [62]
B2 H 2 .

with

O ..2 .K2; y() 2 (62a]

2F- 2 fL yo Y0

J * Y) ,, 4(V) SS (y) - e-' vC Z((,) de. 8- sin y-de [62b]
0 0

(y P N s.(Y )d -cos yede [62c1

o J0o

In our case
0(v)n{ cvC (I eý4 ) dc -g0 (v) -eK4 (12);

0

[62d]

KO@)moev4dC; K4(V)mf 0 4 e-v~dc
0 o

E. (v) corresponds to P. rectangular midship section.

S'(Y) ,T-a 6'nan-1 sin (~de -- Ana,,_l (Y) 1620]

0
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S. (Y) cos ýd--f b .M ( 8t

with

hMn )f en- sin yede [62g]

0
1

M m-i (Y)mJ' -1 M cos y$ed [62h]

0

Thus

02* ?* (Y0 ) mJ' e E4 )2{['C Mn 1 (Y) jI
VO 0 1 1631

+ bm M m0 ]} (Y) fl) dy

Omitting the odd term 1*2 (y) which will be treated in a following report and expanding the

squared terms, we obtain

R"'(y) .. f2 -2e E + e2E42] [4a2 M2 + Ga 2 M122 +

Yo
[61]

+12a 2 a3 M I M 2 + fl y(y) dy

Thus the computation of R* reduces to the summation of quadratures of the type

E2 f(Y) }n- I1 2- 1 dvy "=-Vii [0 O; A'; yo] Mal

V0

5 EoE 4 f(y) M ein 1 M 1 dy Iakif [0 4; K; yo] [64b ]
YO

oo 4 /(Y) M Mn Id y -)•& [4 4; A; yo] [04C]

YO
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The whole procedure depends upon the availability of tables of )1'V- functions.
For example, considering Equation [24], let

a(6) -1 - e •2 -a 4  -a6 6

with

a 6  1 - a 2 - a 4

2X a, 4a4 e - 6a6 [65]

and

z - '- Co
Then

R*(YO) - f E 2 fQY) [4a2 2 M?2 + 10a2 332 +.+ 16 a a4 M~ M + d
Yo

2atI+ 16 a 2  +.33 +6 a 2 flr, + 16 aa n+ 24 a ayr

+ 4-8 a4 a.5"(3s 5[66]

where, for example,

'*"113 - or 13 [ 0 0 ; Y01

The expression for R* is immediately obtained when (iOX/dl) 2 is written as

()2 4 + 16a432 C3 +• + 16a 2 a4 1: +...

[67]
the exponents ij of 6' el in Equation [67] become subscripts 0 f the "M- functions in the re-
sistance formula [66] while the coefficients 4a 2 . . . remain the same.

When Z(C) - 1 - ec4t Equation [59], the amount of computations involved is slightly
increased, compared with Z(C) -1 as follows from EquaLion [64]. Assume for the sectional
area curve the commonon parabola X(6) = 1 - 62; then the resistance is given by

hY*(y) -4 tqj 1 [0 0; K; yo] e'"rii1 [0 4; K; yo0 +4e 2  
1 1 4 4; K; yo]

This procedure holds, clearly, for any polynomial.

Some general ronmarks on the functions Wt are needed.
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Assuming

Z() I C [6]

/ Kv) - A0 - eEr [68a]

more general functions ý'q of the type '•ni [0 r; K; y01 and 'r% [r r; K; y0
1 can be obtained,

but it seems that there is no need to go beyond Equation [591 for the purpose of our systematic

investigation.

The shorthand notation 'nr•, should be used with some care.

The full symbol, for example, Y80q [0 0; K; y01 indicates that

1. the value of our auxiliary integral depends upon the exponents of the product f. 41, for

example of e I C2,

2. the index of the E-function is 0;,to the square E.02 - E0 E0 corresponds in the bracket

to the symbol 0 0;

3. that 'Z depends upon K - 2 liL and

4. upon the Froude number, or y0 - 1/2k 2

From the form of the functions Yt which lepend on several parameters it is seen that

a considerable amount of computations is necessary to cover the field. It appears therefore

necessary to restrict the variations in the parameter without impairing too much the generality

of the results.

We admit, as mentioned before, seven exponents n - 2, 3, 4, 6, 8, 10, 12 and conse-

quently seven values Of i, j1, 2, 8, 5, 7, 9, 11. From the 7 + () 28 possible products

MiA A we select 24 since such con.binations as M1 l11 are of minor interest.

We choose further as basic values of the parameter K = 2 111L = 0.1, 0.2, 0.06, and as

equation of sections Z(() - 1, which corresponds to a rectangular distribution of singularities

over the draft and simulates very full sections.

To obtain consistent plots of resistance curves, intervals of A yo - 0.5 are considered

sufficient. We assume for normal displacement ships an upper speed limit of Y = 1 or yo - 0.5

and restrict the lower limit to t ' 1/ /-3i or y0 = 15, sinco it is thoAight that below this Froudo

number the influence of viscosity on wave effects lecomes excessively strong.

Thus about 30 speed values yn - 1/2 F 2 or Froudo numbers F aro noeded within the

range 0.5 z yo :E 15. It is, however, permissible to choose as lower limit y = 5 when doaling

with high degree polynomials, say n = 10 and n = 12, since such forms are of no intarost at

high Froudo numbers or low y. values. Thus for the corresponding '81L- functions the range

is roduced to 5 ' yo 15.

When using the generalized equation of sections Z(4) - I - e , further reductions are

made ih the evaluation of the functions.
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"Mii [04; K; yo0 and VZ ,/[44; K; yo] as follows:

1. as basic value of K we consider K - 0.1; only for K - 0.1 the interval A y0  0.5 is

retained while for K - 0.2 and K - 0.06 we admit A yo - 1

2. instead of 24 products N, Mj only 6 products are tentatively evaluated, i.e., we restrict

ourselves to the family < 2 4 6; a; t > with the resulting functions %an11'"ý33 ýt K "Z13

"M 1 '" It is thought that the dependence of the resistance upon the suction form can be

derived from a limited number of sectional area shapes.

So far 96 Yq- functions have been computed. Using these results special investiga-

tions will be made to check if those values meet all needs envisaged by the present program.

Something may be said about an earlier approach of evaluating the wave resistance

integral, which in general is superseded by the tabulation of the Yq - functions, but, never-

theless, may be needed in special cases. This method relies on tables of the intermediate

M-functions, Equation [62g], and or the functions E0, £2, etc. It involves one integration

over y. Such computations must be performed when the parameter K is abnormal, or peculiar

features like the bulb are investigated. In addition, there may be exceptional cases when the

accuracy of the tabulated X'q- functions is no more sufficient. This may arise when X(6)

consists of a considerable number of terms and the coefficients n1 an,, n 2 an2 become very

large.

Extended tables of A-functions, Equation [62g], are available at the TMB.

The wave resistance has been computed for seven simple ship forms with rectangular

midship sections using the &#X- function tabulated in Appendix II of this report. The results

are plotted in Figure 8.

SIMPLIFIED V-FORM HULLS

Former investigations have shown that the wavy resistance is not sensitive to sanall

changes in the form of the sections. It is therefore thought that basic information concorning

the influence of the vertical displacement distribution on the wave resistance can ho obtained

front a surface equation of the typo Equation [461

0= IX(.) - C 4(()1 Z() [69]

whore X (C) and Z (4) as before are the dfSilga watOrline and the mid.ship section.

The contorplane contour is again a rectangle. The termi 6 w(() "genorates" V-shapml

sections-

The "fining function" v(4-) is a polynomial complying with the conditions v(0) t, v (1)

a 0. For a givor. X(), Z (4) and sectional area curve a(*)

0 13
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4.0 - - -- _ _ _ _ _ _ _ _ -

No. R*
1i-f ) 2 • "v1 1-32 M1f'3 +16?7, 33

2 I-I.5e+0.5" 9MT1-127it' 3+47"33
__ 3 I- ý2 47rll

4 1-0 975 2

6 I-eO 367;!36 i-c6  .'_s
7 i-c 6  6477t 7 7

6

.0 2

0 2 4 6 8 10 12 14 16
YO - '-- -

0.500 0,354 0.289 0.250 0.224 0.204 0.189
F : I_ _ U

' ,Yo " g-

Figure 8 - Wave Resistance for Simple Ship Forms with Rectangular Midship Sections

where

vQ(-) is complotoly dotormined.

V [A IX(e) - a*(,)] 149u]



34

Differentiating [69]

Oh aX(4) Z(4) - [701

one obtains

Ie Z( (--sin y5 d5
J * (Y) -f o e-'V z d)0d0 0 5

with ()-o-e4 as beor T()-P x5._..
0. (1)Sy) -E bIve ES 1 ()- ?V(C i)yTh r t i lne tn

D (D 1A - K )I - J e K4 sin y4d E(

¢.1(+) I -l 2eKs 5lY 5 -- •

0

The resistance integral can be written as

R*-• $ 2 S~f(y) d),.-2j '9~ Sfy d +j' S~f(y) dy [72]

JYo 0o

The first integral coincides with the even part of [63].

The other integrals contain the new functions

•)c1=0A1 -e[1 E4- Els5 +eEEs[3

which are readily computed.

The products 8, S , and S2 consist of terms M,,M1 with i j intogors for which tablos are

availabic.

As a first stop we assurno again

(1)
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in this case only two new functions, Eo A1 and AI, are involved therefore the evaluation of
the corresponding M-functions does not present too much work.

The computation of functions 'l[01; K; y0
1 and "Z[11; K; yr) will present the next

step in our systematic research. It is thought that by the tabulation of these functions and

their application we may already exhaust to some degree the physical content of Michell's

integral as far as the problem U versus V sectiona is concerned.

Reference is made, however, to a recent paper by Juin (Journal of Zosen Ky'hcai 1953)

on exact hull forms which opens a promising outlook for further progress.

ACKNOWLEDGMENT

Besides the acknowledgment mentioned in the Introduction the author wishes to express
hbo•..-r -•- %- .... " -, ,,i, iiiedsos who in a selfless and efficient manner

have checked the report and taken care of the tedious editorial work after the author left the

Taylor Model Basin.



36

APPENDIX I

(Prepared by Mr. Itirsahberger of Bureau of Standards)

EVALUATION OF THE AUXILIARY INTEGRALS

The integral to be computed is given by:

f';Y (,E,•) ( i\-•on) 2 H i(y) MI (-y) dy

Under the transformation

y =f 02 + yO

dy -2 adz

the integral becomes:

2 x -(Z2 + Yyo)2(
I- (i!.2h Eg) (ZM"( 2 + iO) M 1(a 2 + yo) dz

Yo o + 2 y0

In this form the integral behaves in such a manner that numerical integration is practical.

The numerical integration was performed and checked using Simpson's rule. ThA in-

terval A Z was taken as 0.05 and the range extended from 0.00 to approximately 15.00.

The functions

f 0| ýsin y 6d•Mn$

woro computod by tho form

IV n , (08 (y) + Q(1) siin (y) 4-1

for y > 1. For y < 1, the M-functions woro computod by the sorios

()2i) 1
(2i 1i)! (s 21 2 i)

0
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The M-functions wore checked by the recurrence relations

Mn cos y +n n-

y y

sin y n
g~ ~ U "-. I•_ (Y)

Y y

ewas computed from the tables and the use of the approximation e'-' -- I - + x,12$2

.•X < 0.0 1.

' The function

'I ky
"o" e Y0 a d

and the algebraic functions in the intogrand, were computed straight- forwardly. They were

checked by differencing.

S~Tho function
• ky

4 f

: 0

was computed liy the form ky

E4 -f24 Ro- . + 4 + 1.2\ / + 24

for ky/yo > 1. For ky/yo < 1, the function was computed by the series

4(n +s) (n!.

n=0

All of this computation in hth IBM electronic calulator (typo T04), anr tho
auxiliary IBM punch card equipment. All the IoM operations were chocked.
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APPENDIX 11

((~utaput'!by Hill 111M1 iurutu mE K dL2LIII.lL;)

Taibl I oi(f Iiitugrali 'A q7 ½ 10 0'; h'; y(,1I .,'(ij1 0)4; K; y0I,) '1, - I,4 4; K; >()



40

0h

'tnt L A c Ij00 ~ r '01~4- \ p

O 0 tj 0ý Lo k t ri t- T-1 ko C~ %bt Dý ) %D E

%0 2-0 '

W, t0 CQ\¶ Q "o m "C 0 ,7
*0% MM w'1m-Wv mM* mqV.4c uTqV iv r

11CI 40. .- iooowo~ooo o 0 r, 0 Ocoocoo,

Vo I- r 7 e - r 1 - flC
OL\Q

0Q( 90\ 0400 LC it 6000 0a 0 6 409 00

U, m o-u r wo wc) 0rCIO"L CLAcr UI,%, (',(V*

900 W4 T04 00r00 Ai 00 T4 040W



41

I-- 4L ~I 0000 #000 0 00 000.oc

0 to % 60 %- n 4O aý a' U) to 0* a c- V) E C Im aI-, M C5Q cI4*a to - a1

0CL-inII-o %0 (1l - -IU% LýV o - N2~Ot IITLf - Ltj CO: .W'Cr

~C~~4v0Ow4,4000000 00000000

V- 49 a ** 44 1-4 vi Ny 44 -c-* U'050M*l Cl

0W Lokow 1)M 0c-C 4)m vC. 0 44lT,.L -L't ' t

VqY-~-Y 000000000 0c00000000000000
4b* I a# f0 a sag a ~ 0 u . e

w U 0 , -4 O i-0%,H 0 -N

o- (h n~ 01liv L- W 9)OD )C i T4P nC TJ cOD 4 UIt0\* -12 4 kc,

*. Qt 4r ) 0000C e 0 C) aO 44 0000 000

C-OTI-i g c tf TjL--CD t o) T0 -i 0 % t

ýo E-L, 4 M L-- .0 t-b co M* a Lo L) a*

L.- 0 V-4 qit)- 4 9 )W I% 1 MQ QC2C ) i )it 1 -4oL iCQt41W

U) M tfkf-r-; V-

%-I T ~t~ ]V) % Y% - CVWv4V lCtMTCW CQC )DO W T', 0 0' o-
n*k )WlL V- 0* 't ri M 'r4 W4 46 c -n A0v m4 4S5f 4F

C u W, v Q, %, v ai V- flý c, ou o -o o 0,0 ur L týn%4 , i o o u w 0
0 6-,!, 0\W1VC O 449.qO f nv v' nC A0cvC 4riTi1iT

V 0 0 0 0y



in -I O 'Co'Cr '4O~ Lr -- Qx0 ,2 M ,M V1 ID

4 4 0 4 4) n 0 Cr 4 w m * - m n Sq m V. 0 0 ~

L-Voo% v4I' c-0~ H~OU ýo ~I tn .OPt

,4v4~ 00000000000000000 00000

o ~ ~ O t-f!'WLOcrr-- MC ONk C

v4 0M O ýO ) & V) O % U) 'tMI qj M M fn CQ ri vI M CQ 'vj vq vq v- orq

V4 T000 co 000 000000000000C 000 00

IA)U) V4qqwl 000 a00 C00

.' q f I LO I - -T Ctv4QE i C ,"



42

oo noonj moo 04 oc'o 000

~Ii000 0000 0000,00000i :)0C)0000
PO@ 00 0 g ma*t*hG 4 * **lo 0 ma a 1

0 ~ 0000000000000000000 0000
0 1* ga 0 P.C. Ba 00 0 0a4

n00 Mr TT. 0 - vI%('U1I v X " ' -11,li 1

*-4 -11 0 000 0 000000D 0 QC 0QOOO 0 0 0 0c0 0 000a

* ay v op 0 PO@~ cv SOS (7 ' 11gi\1-tf)0Ul E %O v N- C aP * . rf

ý I I4 V)t~t0U 0-ilr)0ui0( wJ L(>0If.)l,0 D ) Cl 0 L--4 14 c 4 0 IO

coa 0 41 N4 4.

ri M aC -wIV( . )M



43

I In

o aca V4 CQ a C~4 V4 4 wiT 4 V4q.i pf 0 r4v.I'%1

4Qt , - Ht L- 0 0 L0-0 c 4v t% V-1 0\H
V.4 Cc Cm 0cqLQ *~ 40-h vN zOcop V.v1

~~~~~~.r 0r 011 #AmLl~ ~0 ~ -

o oO00000000000000 O0000

. 0 W0NI 0 t -r Q06 L 0.060 t- 09n

0000000000000c0000 000000000

V - rin0 4 v-1II 02 t- %tt U~UON CLn 0I CQ MjOV EOIOO

V E-e9n 4 i 0S It W 0 M-VI l1)O - v4 0 Wt

CK 1Q W -r -Gt&IiU)I t10w00c



44

o D0C to~- 0ODCM t%04 %-W) t- W W t-CNiW

0 0000~q~mri 0000 0000 0000

LOV - E-C%2 o% 0000 00vNqE 00 0000000e000a0000m V n l-T44 -

%0 O O O 4 hF)4 Cfl -10OD V) WO 04 2O\yw W.iY4 n N00WW00L

vi Cirvqv4 0000 D0000~00000000000000

4 FN 99 t- *00 0*990 DI 4 OMM NL 099 *es Cn * X.9100

$o OTCON'vLOv4t t(iw0-c LO- *-T i1 t -1t oL 0 0 00

W)w DU ) n*W OI CO r4 v ?CQ(v2Cbaw4v4qvyl4 00000
CQ orbcvay.Io0000) 0000c 0000 O0000 00000

4V-4 0 0 W4 %0 Q Ch C- 9ý Cn 14 %o 01 3 w 0 OD 0 in 9v V 0; V * 0D w ra

a)0 Nm1 ' 0T - U ric % )mC3r iq - Ti' C" 0i 0 0

sotlrMM'iC'OO000 000000000 0000~00000

Oc NVN 'C t-m01 ~w t- :K - 0 ~ '0 Qý %4) 0l 1, -t9
uf) Lin ch t C %2 MI W U) V~ Nt cl) ItZ m~ 0 01 u-I %-4 N- m' r~4 Oý C) fl r4 v* () w m

M~ (Qf) Wi CQO IO )D Tt~ mt~ C%2 Ck. N2 Ck vl H-t . v-1 r4 I 0 C)000C

~ 1 000)C000 00

~ - * .- L'. an'



MTW NWW0Uo IO-WWCXW 14>IL)U Oki) V4(ctooo

cc q v nt tt *vv v4s 6.0 wt* * aý ko * *.,tt2%00L% 4)L.

4# CQ 9 ri JAO NW 9 oW )Q ~i~Oý vt %0 v o W 0V 'o0
M4oot. O.OC-V wm m m(OV~~. mm.w4. OOO

C~~2y'4y~~ 0 00 00 00 0000 V000

V4 v- 
m C', 

0 0 
C', I

i~~y~~v40t 000 000 t00 000 0 0 0
t~r LI- ***1 \0e al 900 14S To

ut-o~ Mo orw0o0-0%tflCO:r

0 MOO MOi Ov O0hw m ~ ~ A~

ýHri00000 O0000000000000 000000

0 0 E C VOt0fT W4 4

~~C~IO~q4 V-'4'~ W4~cC Vq vi IH ýH 00 0 a

t-~~~4co ldvý t- V) V40

mcg cQi4 000000000000000000000 0000

LO 02 - VO4W ) %VVACQ0 W)T- 0t-'0f tý o4 0 %trn O ino v ot V Lc No~ ~ I (vr \InC X 43 r u 4 0ML-E- N1 4m0



46 ~ l4 r

ONP-'0m0* m~m Cr2OCn 1 eV T4

mF ir4riv T 4V 0tQ0 vi A V4 0 10 a0

0 00000 00000 000000000

4t ri~c ý0 '0mI *4eno% Coi U L

D- ri %0 v24,0 wjcw4 OD Cvi rOO)c-c

oo~~lIOU4 ~0000 m

W4000m0 LO)I 0 0 00 QoO 00VM0 U cM000n00 00000 m (

~~00000 001000000 0000 00000

U)O~-4 v m0m * v 4T4094m7 O0 lc v r-%V 'V 4w t W

Pr0 004' 0 vwm00v -0w0 t

0c w1 5 l I ei w M~ ea V- ION wqm 94 WVC

I m IQ vi qv qm TV4 v4v vq c (ocI)



in C'0 Ul)c L- 000a ý m0 b'H 4ri

CQw.V4 rfAV4 A V4 W4 10 OlV4 0 P0 0 0
0000000000I0 0I)1!00 00000

00~' sel -4# to fl ts't 0 660

C V 4 T4 ,4V4  -I 4 - 0 4 00 0 0 00o

t00 00 0 0000 V0000 M-%r

t- (h-Am 4V40 - WwUt-Ifl

pY. (w'v, ,44 0 v4-0 000V'Ic01U

0.~ ~ ~ kc T, H -'Q Mee I -CNnU4 Ca.

a 0 r imf"%- C 0C- C %i-O' 1-]O1 tr: C rtC C

0C C. c 0 c C). c c .c 0 c 0 c 6 0 0 c c

too*~t-unc

o~~r 000 Uoo E-oOLqnCO M

0000 0000 0000 000 000000

Qý~~~ ~ ~ OD0* - iTQ 4 m t- ~ 1 m hq mS \c -L 0 k.' w 40

U) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ T T L- M TseI- \0U)c OLOJ Dt Nt C 40



g-,46gVWU Mot- 4t QV4V 4vIO2O
H 14v400000000 0000 0000

a co 0 00qb~ C 0 0

3SS In9 CO 0 Vq%0 OMV

94wa)0 %C V- U) 04 - 00 t- a 0% c ru-zT4 r 0 %ft~C.

mo0t-v 044 i 0 0 CC &0  0000' )CQV T4C 000
,w00 0 00 0ht.v vtmT000 000oo000000 000

* * 40?, m o m 0 00 M 0 S4 0 N M V n M W * 9 O*

It t t'i 0 O A V4 4CeinnmloqrV 00 coo000 0o000

A 4 T4 VI0 00000 000000000 000000000

OD ON rl co C a, t i=4 U') V Cl- ~-. T

H jqTG\0m1i'm l vTT - vC2~ Url V'UL 4~ m v m w

m w40vO m mQj4%6 u-1c4wy400000woo0%
0 0 %

0CQC CQ, 00000000COC00O0000000000000

oO T Tw o v SA 90 w9~ w55 veq 50 i 0 L055I U

0 COto L t- f %Q d O ~r-U 0 v d0% coWMQ MXL- C C ti-4 X

OMMM'M~ 1 oo 0000 000000000 00000 cca

0 m * t- C ,) OC O 0 nt

M-OC t -L1 L-e U)r 0n% v11t * 1ý- m wC I wT rC

0 ) t'O 4 E LvF) CQ 0OD C-0 0 T i 0Q n0 ) It-4 W ,4 M cQ CQ ia

rit'virh-v40 00000000wý
M telqtciF W40000000000

0 0 0 0 000000000

. 54 05.' * 40 ewtU 0 v~ 9 *eE 0 &9

in ~ ~ O v riO~ Ch 0f0Ll U)QLl 100100
ASIS I44544V414949 *l vi *qBr4 9 51



49

000000000,0 0o0 000000000000000
~~~a * 0 aqg~ * a eq aIa * 6 a . e

Th~~~~ ~ ~~~ 0, 0~¶V qO '#O cO "~v~ Q

tw ) OD %0 00 L-O0fr cIc % 0 ON - )M t-r h U)M0a qw ct

Q m W100 eWO ea0000 00000

000000000 0000 N000 0000v000 %0

C%0 t-t-r4%00L-a~ u c W 1,0 0 .coC~'t QW) VWW 0imm

t-~40 000l 1)F v A0 0000 4v 0 0 C 0 00 0 00000

000~00000000 000 0000oco 00000

Cd %D5 V*5, M55 *S5 ME594\044 T M ri

o mtlf S.'tI,4 4vi vq4 a 00000 00000
00O00oo0oo0 o

*lý M' CD T~ Go tS * e LS - 05' 00%D v o o
0\ oQ V 0 Ccm 4 0 m 't U) c 0f0\t-0IOqt T4OD 4% 0I0 ~ ')10VDC lV a0

L"- 04 5 Q V-4 5,e %0Q 4 nt 4 OD 14 Wt 9) U)* .P

IU ul i'ri.y V mr I v 4 D iivo -00 00 0



U) 1)MJ O D 0 't~- 4D C-- M 4 CQ O CokDv4r i'I

V4 P0000000000000000000

0r -M Vmomlj -0 00Cc) m cc

0 00 000 m 00 0000cv~o

l t M' ca T4 to c t ~-000ww4000 0 0 0 0 0
000000 00 0000 00000 0 0o0000000

h ooooo2Wý40~ 1400 00,0 010000,o 0000 0 $&a0 00C 000 6* s0 000 e00 00 0#00*

0~ýV %a* o* t-# \0 wi c-5 %D, .00

MCj~ *OLLIVi*fmom

wwovm30O 0 r qf000 a0 0 0 000000

ý0000t 0~l'yo 0 0 Q0 00000000000 00

0000 0000 000 00000C000OO0Oo0
S S*0,b 05 *00 SS00 * S 00059

~ooua ch~~iiup~ t-o~~f 0 'sV mVm wmm oý
inU) 0 r n -m )q )0 00 CDC~ ,* orr'1o%^C N m

V)I 4 n 0 jDW -tt. t -a - P 4wW. N on 4 ,



( Llr) u2 ) ~ T- T .c , 6- C Cl (31 r~ E- - It

OW 4 C0 C %L r IC C r- L- a ) j
0 V i n lP- Gk -kC LE Y ýL Wý. r f) C

t * ,* 19 * 0 a *..40

kc t- 1 r- to at .4 Q4 If) CL- 1 f) T- V11 n, 'C v C\,~

C 0IC10 0c 0c0 Q cO cO ca 00 co 00

(r. M H, (Z I~ 'o (P ~'It L6 r J It LA Hw Cn C*

M04LO- 4D r C') w c' IN V IQt 4 m 9-1CQ Cri'C

1- -01 C;:9 000 a0 a 994 9* @0000

*0S" se 1A 0 $1 ev s* 0

t-,U r.ý )L *Hji- C i-4 Oa i) Hin VT HY qI Hr



LI)% %D n ri 14 v a) V.) C vri 'Ct -'r 0' '0

0O0inG0rI OqE k QWCMQCQr r

000000000000000

co n 0~ a cKC\ t j- U-) (7\cv 0 0

*Y CrTrt rIOCCOO 0000
000000000000000
06#e#4000186069AS

OL OWC 4 C ¶)L- tc4XOD WODm 4 Ch'

"00wv0- - w w~c~ w tf~ rncgcfv-c'.

0 000 000000 0000

o C\2 E'0 C') 4 Q ' \t u
mlo rioltH'00X'XOCD-l It C4 %0

oD 0 C- O t 0 OC CLc tr ) LCI in- CV t- n O\

It-WC%2r4 HOCO 0000,

A~ ~~ V) T -1n v02 0 C %0'. OD N\ MCL U) r4 -G

Jt0a 0 CnLon0 % r r CtrlN i ni-v

tn x 'pH -ar 'v-IC 00 C) c' C00
4, 00I0000000000000

ofzw .- 0 Oa,0IL oV-4O ntM
W C-- n m ) 4t w w r40 i7

MCA ""-00Ir~ c



Me ~t'CQ 0 t- U)Olo- Cl- ko tIN C NI CQW, V4 v -vr4$ 00ý000
vLwvq 00rqiCoo00Coco0000 OI0 000C00000
0000 00000 000 O000.00000 00000

0* $- *fibs# 4*0C040041#so000~0~0*10000

0000~~C vi000QM000Q 000 C

Ch 0 Ciq it)-,- 10)C~ IN n MC4I ri v-~i r4Q O 000
F~CQ " W-4 cQ 0 0~0 00 c0 0,00c0 0 000 0c0c 0 0
000 a) 04010 0 10I 0010 00 10000 0 00CQ0 00ID0 0

~~ 000~*40 0a0 OC O O O O OD M

n0WM00 000 0 IC0000 00O0~ooo

CO (L If) 091

tQvw0 0DC 000 4: O rCCO4r0000010 011

C~I coo a 0 CO aO 00O 000000040000000oc

Ce. ~ ~ ~ ~ ~ ~ ~ ~ ~ V 5q 4 0*0S460 n 000

L4 IH M I
OD~ 50459 ae a C* *Cg n T SQV0U f t)C\C O CQtr ~ 00 W . OD

# ,t Dj-C ,M Mr l 1N AC h1 i c r 7 )w 1)n qC k
COLO% M t 01 C I- )ot t c O c vt ww 0 ~H4 0 L- M

i n7hk* E- %CO00O tCOlnMI QT1r fV4vri 0000



m C El r rU~ V\ L-7r( 0 r4 j

y ~ ~ ~ ~ chV4% n z ct00 m~00 nm CW4400CiV
crzo 0000 0000- 0 r oooooCoooooo

CQOOO00 0000 00a00 a0 00000,0000000000

fr CQ00O 00 mwmm4NOioooooooo

idmI

v~ ChnmTeit 099 c I M ,q0 *i m 0 ,H0t .mwm n*

y~dy~r~y4 ,4 Y4

Ij IiT AV iT- Av I



OCW4O v4 0 0 0-0 Itm U)C OM i% r LC )t C h v4 4) 0QQ- 00' 0o0CI r C

0000c(D000000 0000010000000000
000000000000000 0 00o010000000000

V v 4C-V omVD co ' 't~O %U)A * ~0tO\ C)\
w4 N( - -V - IC o Mc CC 0~0 U) D 2v 0 \0VI 0t)

~%t~ogqgqoQk4QQO 00000
MorM00000 000000000000000

0a9400 00000 0 000 0 0 0 0 0 000000 0000 00000 0

*9,~~ Me~ %I.

000 o ~Cd i q 0 0 nq\00 noot-0 WOr4 0 O M



v-i E-kCOM'CC C00 0 00 0 c ' 0,'v'r

U *'y0ey kOO u1OO- 0000000000000 0 0 00Sq ~ 000000.o'000 000000000 0000 0000
0000000000 00000000000000 0000

m * ONE*,-* 0 m**w4D ~ ME MO.:s.**ee

000

W4?14~-4Q OOOCQ QO 0000

000 0000D n0 InC 4 0qV4V0000000000G000 0000

A* 009 sC 04S0 00S 46*01 0 goo se ee.

0L0T0m1 mm1*0 In0 wOwE-t-w O 0% (01a0 ri 0 q m c rgIJ0U) -ObIi

-Iv lr 4r -4Ar



U)0 00 n 0a) 00-0t0000 VC I00(tE-LC0 0000 M - ý' WE-0
Ca C0000r0O 000iv00000000C: 0000 0OO000

0 *c 01i tC ** 6 IQ W6 j & O i 4*S 0 0 **

CC t 0 tb- tlt

(rI0w ivnn c ko ri M w v (P

%D Tic)4-O0 0 0 0 00 0 0
Ch 0000 q M 0 Ch0 00 .0 0 % Dt 4WU -0 \q0)r hO -wt -00

C f) M CDtq P) 1.4L)U)~ N'C C TMri 't t t f) Cq %D N YLi -1 C t~lP DLO

00000~00C00000C0 0000 0000C00000

a~~~~~~ ~ ~ ~ ~ 6. 0 00a4040*I'

OqTAr4rI' T4 U) - 4 - f



Lý- cc 00 CO L0 0

Chao o.i m r~c- m K m 0OTi vUCQ 2 'c w UmA 'r -4 F)0 ODOCOQ hr

MMO0000004000 V400 00000O 0 a000

000000000000000 0000 00000 0000

000000000000000 0000 0000000000

NNWj.. v 0 ui w %0 v0 L V V

Tqr~ OO 00000 nne 0000000
&w0v00JO0000000000 oooo 00000 00000

0001 0000o000)000o~oooot

0000010000 00000 0 00000OO00000000

10 O F r4 El- nir

e, I n _4 " Iw 
w 0



59

REFERENCES

1. Michell, I., "The Wave Resistance of a Ship," Philosophical Magazine (1898).

2. Weinblum, G., "Analysis of Wave Resistance," David Taylor Mnlhli Bain Report

710 (Sop 1950).

3. Giors, I. and Strotousky, I,,, "Tnfluence of Varying the Principal Dimensions of a Ship

on its Wave Resistance," Applied Mathematics and Mechanics, Vol. X, Moscow (1946).

4. Woinblum, G., "The Wave Resistance of Bodies of Revolution," David Taylbr Model

Basin Report 758 (May 1051).

5. Taylor, D. W., "Transactions of the International Engineering Congress vt San

Francisco, California," (1915).

6. Courant, Hilbert, "Methods of Mathematical Physics," Vol. I, Intorsuienco Publishers,

Inc., Now York.

7. Fuchs, Hoff, Soewald, Aurodynamik, Vol. II.

8. Benson, F., Transactions of the Institute of Naval Architects, London (1040).

9. Sparks, W., Transactions of the Institute of Naval Architects, London (1943).



61

INITIAL DISTRIBUTION

Copies copies Copies

14 Chief. DoStripo. Library (Cods 312) 1 01ff. luit Mech Lab, Colouibia Unriv. I Prol. i.Ll. Sctreneur~r. Door,. Scrao:. .t Enjin.
riTch Chibp Nlew york, N.Y. Univ of I'loirn Damn, Nolte Dame, lad.

I in chiAniacief ioed 3106)1 DIR, f old Ditch Lab, Univ of Coild, I Prof. M.A. Abhowrtr, P'ep(i(it Nov Arch & Mar

I Shi I~oeace (Cods 310) Derkeley. Calif. Login, MIT. Cambridge, Mona.s

2 Prelimr Vle & bhfp Prto fCnds 420) 4 011, r II-, s~t, ftobOIi,-q N.J. I Prof. N.W. Conni-i North Carol rae Stole Cnllege,
I fPrelimr Des (Code 42 1) 1 Mr. f'etern Raleigh. N.C.
I Snb'o-arh;eo (Coade ý?S I hr, .DV. Korvre*Kio~oboony
I Minesweeping (Code '.30) I M!. Jjf'. hraniir I CAl' I C.S. Diahl, IJSN (Roti. Alan( Mom. flanail
I Torpedo Consftermeasures (Codeai 53 ) tOr Hydra of Sehee'~grd hedrtes, Wushitgtc.rr. P.C,

4 Chief, Ifo~rd, Undertwater Ordn&110 7 DIhh afAi eNGlishnfoPC 1b nd Coo, Inc., Nerw Yar6, N.Y.
2 Code Rola I DIN, Hydra 10, Deapf of Civil 4 Sonif ir I RADM R.I . toBe, hiM (Rat), Vt'
2 Coda K#3 Loigin. MIT, ('oahbrrdge, Mass. MI. La~i..tte W. Wart

2 Chief, LBeAui, Asre A Hydro hr (D '-.) I DII pt10, , 1yf mv'vk, trypt of Nov Adrc I ar i of. i;Olee C:. Manning, Prof. Nov Arch, wif,
4 CheaNwRsEigirn, [ain of Michigan. Aria Arbor, Mrch- Coosbridge, Mass.

I Moth lIr (Cod 438) 1 DItN, liiatlv fo itod Lye L Appi Math, Univ hi I "rot. 1 .M. Lewrs, Mit , Caahrridge. Mama.
I tJv'Iaeaet Wirfare Br (Lode 46h) Md., Colltoga Park. Md.
I Itafi ith (Or e 4321 1 Dr. AX, ftrandhogen, Ne;.r, iropt at I vnirr Mach.

I Nov SciancaS (fiv (Coda 460l) 1 O~ilt, Intl of Acre Stiarirna. Naw York, N.Y. heir of Motre Items, Nofry 0.-a. tad.

I cu. DM14. Raw York, NtY. I DiRh, fItord Mach Lab. UYU, New York, N.Y. I Mr. larva.Mx Commvi, Non Aitirfrrtr, (,rea I are%

ItDIi, Ord ties tab, P~enn Slate Dilry, LeigreinF , River% k ot
Rooge, 4r'bi.

I CU, ONO. Paseadena, Calif. DanrIrfS~y Plark, I'd. I Miso FAys ii, Charina, 1115 f oaf ?le! Streeti,

I CO, UN"., Chriten, Ili. I Adamin Webb Intl of Naw Arcs, Wan Cova. New Yolk. N.Y.

I Cu, URN, Boston. Mose. L.i1, NV.7 Richord H. TiAlia. Auniolf Tech Mdrg, iitthtrtha
Steel t 'I. Shiphbuildieg itiw, vorico, Maha%

.U RN, Larldon, aigroird I DIR. Iowa lIn% of Ityiedrlsror Iflea Stale [tory IMr. 'H.1 Nobiahee. Nae ArikitetI
of Iowa. Iowa City, Iowa

I CURX, Norfoik Nav.I trpad Utfit (Code 290)1 tilIAhln ol HdtuiI.alUiv I fiat. Cenif SIcknadot. I ,raisi'vndoir NA. Homboig, Cormana

I CUR. Uu-.rne Newel Shripyaid of Mrnn-, Mmaieajraji1o. Miniul. 1 Pinf. IiH. Haveiock. NawcastleieneeI one, tnglilaod

I CrlF. Putamooth Naval Shiohardl I Hiead. Be$ of tNm Ai;.IsnA& Mari Irigre, MIl, I Mi. t *rý a I ondon, I niinod

cuR.Pote F',aai Nar valo hIrropod Castbirmige. Marg. 3 [ii. i,evig Weinhiora, Inacorniou besaiu, !fooargf Giermany
I O11Cc of t ech ServicesI. [ S. Dooi of

C U, SUIIASUL VhIf . U.S. Aitaniri ' Icoma. Wa6suinigin. or.C. I SotA, Nositilandibh Srhoflnahi-tuskoadrg f'rocfsfiarlt,

2 CUR, i1Sfiu. I Document Soivmre CII. ASI IA. Dayton, Ohio Ifaagiifpaz. Waje-nioan. U he Netheitovns
I Dri. A. May ii iieini hvý'swYrNY I Proj. JXi¶ Loads, Shnpamnhdeillankao, Jroedkeuilr, Norway

t DIN. DSNRL I DIR, [frilr~h Shipbfdig Ras Actoc. Luleade. I agisand
1 PR, ~nqvy tioI. b, angey ird. o. I hydro Lab. Alto, t eOL Corn, Cit I. I osajeno

ltR Lort. Aar K ab Lan ge ed e cohl. ! Dr. JF. Alien, Sopi Ship Urn,, Neff Phyn Lak, Mniddictox, Lag.

I Mr. I t. Thompson I NYU trial for 'dath A Mach, New Yo.k, N.Y. I Dr. 1. Okoha, I he lRes loilf filr Appi Mach, trycahi [firm,

2 LUR, U.S. Nan Air Missiie C0i, Port Mloilo. Lainf. I Corneti Acre L as, tac., Buoftalo. N.Y., illskmah.IurlxsijJpn

I Dr. N.A. Wagner Atin Libiamci. I Admirelty Ran Lab. Mutiddong;, I rjiglero

'I CONl, IIMutS, Uidoirwafar hid irei I Rood Res. tar... Weshregtorr, Br:. I CAt' I R. braid, Diraci~nar [Basron D1 ssaia das Caranas.
aadiCuril. Alto L.......... Psftit, rfOtce

(Ilk~, tISNU I S. toonskeiri. Cmlii. I Dept of Creri 1 agOp, Coin A. a M College, Dr. 1. MalAnoid, Iirifre Nationeel dlictdac of do
IiU. L.it. Cooper r Lft firiia. Cute. iloclrerchas Aaroo~ntsiqoes, fails, Fooate

I CD. U.S. Rev Mina Lour1laiSO1n 51a, r Lrhrnrien, Amer 5oc of Mlerts fonjiio. I Gen. teet. U. Puloiron, i'resideote, Istitob-fi tzaiaotal
Penaera City. Ito. New Yank, N.Y. psi rlodiad L oleisricn di Airhilefltora Navola, via

I CO. fIShilOS, Nawypori, R.I. I Librarron, Amer SOL L; Crtort login, el at lwly8,kre tl

Mew Yai0. N.Y I Si- M. Arenodo y IýArrsipvvoor hrrertc,mr, Canal doa
I CUi, I rainklvirl Arsenal tOfficre of Anl He,, Ap! xrisac.,MdiiSpi

Meth IUp, Wrglnfh-t nilersoim At B, Dayton. Ohiro I lI brarian, I iwrkir:. lost, Pikiadofyiail, l's.
I iOr. J. Lrrardon~nrnI [iiam,cfeo, Inislilel r deRcireicken rio

2 DINt, Mali Bulon~td I I rhrariai.140 M Re% fIr i harp, Ill. 11,1 ot I ark., Ia C'.noatirhotl s tinnate, fVoiii, F ivAct'
I Ill. CAIt. Ksaiegt. . cc' Clis, i'hraya, Ill

I lint. i1, Rariftiurun. turnerl, Slateris Sk'i-ip'.niivrrirr
I At [IA Rol[i t c' laj-.ýInt DIVm, Lt ihrj Of I Cbzrnian, U',adoie trio ofi Aunt Math-, Drown sovislalt, iuleoiebg, Swedeni

Ceegrleos, Waoiiairsii., D.C. (Iams Pi,ivimiicrn, R 11
I Aromvmeol Rea, i slaia~riisnPree, Npor Seene finks,

I As t Sac of UlIne'If (hat! & Den) I tPI. VC i.Sireetar, Priot of h~draetics, Depf ort Kent, I agtinod

2 iiiR, Aripi Phys Lab, Jahns Koorkios LIDarnl Lgn,U t.ortc.sunAlisIlihln I IS(N S)
Silver Splirrg. MI. I Vr. G. fhikhmil. ifE.11, (reI fit Math, Ifoirnad

DI o . Unnief r.nnggackim Acre Ich (A, Cfiv Ioig, :I

i'sadeaa, Cell1. 2 Dr. I.V. Wehisanees I ruIh, Mai;oth Rnicu, Amer 8 Al IISNA, I combo, : eygtorrl(
Math SUE, finovihara, Rf.I

I Dr. David firltmrp, hloyt of Mi14i. Indiana
Dornw. Blonomingftin, fant.

ninny~~~~ mieCu Ri r



-) V Ut, CA
- Oh

933

fl.
5  L!Cf, f U

wa il r

k- a, kba d

Hrj tL, Cb L

Eli'~

'62 a0 LI~

ril(.U

* U,..? -n.J)



NAVAL SURFACE WARFARE CENTER DAVID TAYLOR MOD9L DASIN

CARDOEROCK DIVISION 9=00 NAcAnrWt MOINLeaRD

WZST BMDETNEA. ND 201117-5700

IN IPLY UKV15N TO:.

30 March 2001

To: Lawrence D. Downing, DTIC

From: Bruce L. Webster, NSWCCD

Subj: PUBLIC RELEASE STATEMENT

Encl: Approval of Change of Public Release Statement

1. Report 886, "A Systematic Evaluation of Michell's Integral", by Georg P.
Weinblum, AD 66689, should be marked with the following distribution statement:

Approved for public release: distribution unlimited

2. If there are any questions, please call Vickie Kline at 301/227-2068.

B. L. WEBSTER
Acting Hydromechanics Directorate


